The equipartition the o rem serv ing as a ba sis for the clas si cal ther mo dy nam ics and statis ti cal phys ics states that in ther mal equi lib rium en ergy is shared equally among all of its var ious forms [1] [2] [3] [4] [5] [6] [7] . The equipartition the o rem is grounded on two main as sump tions: (1) the clas sical ver sion of the ca non i cal prob a bil ity dis tri bu tion is ap pli ca ble and ad e quate; (2) the clas si cal ex pres sion for the to tal en ergy of the par ti cle splits additively into two parts: one part de pends quadratically on a sin gle vari able (say x), and the other is en tirely in de pend ent of that vari able U = ax 2 + U other , a = const (see [2] ). Un der afore men tioned as sump tions the es ti mated value of en ergy E is kT/2 per one de gree of free dom (k is the Boltzmann con stant, T is the tem per a ture). Ob vi ously the equipartition the o rem holds for ki netic en ergy in its nat u ral form.
where b = 1/kT. Thus the es ti mated value of en ergy equals:
The rea son able ques tion which could be asked is: what class of func tions U(x) will give E = kT/2? Gen er ally the prob lem is re duced to the so lu tion of the in te gral equa tion:
The so lu tion of eq. (2) is an ex tremely com pli cated task; hence, we will start from specific ex am ples where in te gral (2) could be cal cu lated ex plic itly. Let us start from the func tion U(x) = ax 2 + bx, a = const., b = const., which in fact is dis placed pa rab ola. Now work ing out the par ti tion func tion Z is re duced the cal cu la tion of the in te gral (3):
The cal cu la tion of E yields:
and quite nat u rally the equipartition of en ergy takes place in the whole range of tem per a tures. The dis place ment of the min i mum of a par a bolic func tion re sults in ad di tion of con stant to the av er age en ergy, which has no phys i cal man i fes ta tion. There fore the equipartition holds in its clas si cal form for any tem per a ture. Now let us try more com pli cated po ten tial U(x) = ax 2 + b/x 2 , a = const, b = const. In this case the es ti ma tion of the par ti tion func tion Z is re duced the cal cu la tion of the in te gral (5) (see [13] ):
It is clear that when 2b(ab) 1/2 n 1, in te gral (5) yields:
and, the equipartition of en ergy oc curs un der high tem per a tures de fined ac cord ing to:
It is note wor thy, that U(x) = ax 2 + b/x 2 rep re sents some what spe cific po ten tial dem onstrat ing qua dratic be hav ior for large val ues of dis place ment x. Large dis place ments from equilib rium cor re spond to high tem per a tures, this ex plains the equipartition at high tem per a tures. Afore men tioned ex am ples clear up the role of qua dratic be hav ior of po ten tial in the equipartition of en ergy. Now we con sider the more gen eral po ten tial U(x) dem on strat ing min i mum at x 0 . The par ti tion func tion Z could be es ti mated us ing the sad dle point method [14] . It is sup posed that U(z) is the an a lyt i cal func tion of a com plex vari able z and the only sig nif i cant qua dratic con tribu tion to the in te gral (8) co mes from the vi cin ity of the sad dle point z = z 0 (see [14] ).
For mula (8) sup plies the as ymp totic ex pres sion for the par ti tion func tion for large b, i. e. for low tem per a tures. Sub sti tu tion of eq. (8) into E = -(1/Z)( ¶Z/ ¶b) yields E = 1/2b + ïU(x 0 )ï = = kT/2 + ïU(x 0 )ïand the equipartition takes place; the con stant does not con trib ute to any phys i cal phe nom e non. In deed, at low tem per a tures the par ti cle does not move far away from equi lib rium. It was sup posed that in the vi cin ity of equi lib rium U(x) could be ap prox i mated by qua dratic function, thus, the equipartition holds nat u rally.
To get an es ti ma tion of the range of the equipartition, one should con sider higher or der terms in ex pan sion (8) , which is some what cum ber some task. It is pos si ble to dem on strate the effect of these terms, if one con sid ers yet an other model po ten tial U(x) = ax 2 + bx 4 , a = const, b = = const. Di rect com pu ta tion of the sta tis ti cal sum yields (see [13] ): The value of the tem per a ture T * = a 2 /8b cor re sponds to a cross over be tween two regimes. It should be men tioned that for a sys tem com pris ing N par ti cles ex erted to po ten tial U(x) = = ax 2 + bx 4 the ther mal ca pac ity un der con stant vol ume de fined as C V = ( ¶E / ¶T) N,V will be dif ferent but tem per a ture in sen si tive in both high and low tem per a ture lim its:
Com pact ex pres sions could be also de rived for any po ten tial U = ax n , n > 0 (see also [4, 5] ). Tak ing into ac count exp( ( ) ) -ò rx x n d 0 4 = (1/nr)G(1/n), whereis the gamma-func tion, we obtain for the par ti tion func tion Z » const b -1/n . This yields for the es ti mated value of en ergy:
E n kT n = = 1 b (13) In ac cor dance with eq. (13) the ther mal ca pac ity un der con stant vol ume will be given by: C V = Nk/n.
